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ABSTMCT

The purpose of the experiment was to test the hypothesis that
amountrecalled and clustering, occurrence of related words in strings
of two or more, are inversely related to the delayed recall interval.

The experimental manipulations employed were list type - cate-
gorized and random, card sorting technique - free or constrained, and
delay interval - 1 hr., 2 hr., 5 hr., 24 hr., and one week. The results
indicated that the amount recalled end number of clusters recalled
decreased with increases in the delay interval. However, word frequency,
degree of clustering and cluster size were not affected.

List type was found to be the most important determiner of
performance. The categorized list group recalled more words, had the
greatest degree of clustering and formed larger clusters than the
random list group.

The card sorting task was a modification of Mandler and Pearlstone
(1966). The free-sort group recalled more words and used more clusters
than the constrained-sortgroup. The constrained-sortgroup formed larger
clusters than the free-sort group. Sorting technique was not seen as a
factor in determining the degree of clustering.

The resultc were interpreted as supporting Miller’s (1956) coding
hypothesis ●bout superordinate and subordinate labels. The nature of the
categorizationwas not found to be exclusively organizationalor associa-
tional.

Implications for a theory of the storage and retrieval processes
in ~ry were diecuesedwlth respect to the Tulving end Pearlatone (1966)
concepts of availability and accessibility. Generally, forgetting was
found to be ● combinati- of changes that take place during storage and
the lack of appropriate retrieval cues.

.—.—.

The exporimant substantiated previous findings on the relatimship
of orgamizatim and recall. Mandler (1967) placed emphasis upon the
relatimship of categories to amount recalled while the present experiment
@hoWed the relationship to exist between the nwmber of clusters and amount
recalled.

.
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- MRD RECALL AND CLUSTERING AS A FUNCTION OF DEMY

INTERVAL, LIST TYPE AND SORTING TECHNIQUE

INTRODUCTION

In en early experiment concerned with the characteristicsof
associative responses, Bousfield end Sedgewick (1944) noticed that subjects
(~s) consecutively recalled certain list items. Given a list of animals
presented in a random order, ~s would recall all of the canines in the list,
then the felines, etc. Subsequent studies have indicated that followlng
the presentation of a list of words iamediate free recall is often character-
-ized by the occurrence of such organization. This organization, called
clustering, is the occurrence of “related” words in strings of two or more
to en extent greater then would be predicted by chance (Bousfield, 1953;
Bousfield and Cohen, 1953, 1955; Cohen and Bousfield, 1956). Generally,
three explanations of the clustering phenomenon have been offered.

In their early series of experiments Bousfield (1953), Bousfield
and Cohen (1953, 1955), Cohen and Bousfield (1956), relied heavily on Hebb’s
(1949) explanation of superordinate perceptions. As applied to the free
recall situation

the perception or recall of a single word will tend
to activate the superordlnate eystems which correspond
to the category represented by the word. Once this
superordinate system is ●ctivated, it will tend to
facilitate the perception and recall of other words
belonging to the same category. (Schuell, 1969,
p. 369)

Subsequent studies by these investigators (Bousfieldand Bousfield,
“1966; Bousfiald ~d ~ff, 1965; ~usfield, Stewart -d c~~, 1964) have
tended to follow the line of reasoning of Deese (1959, 1962, 1968) and Cofer
(1959)where emphasis is placed upon associative clustering rather than
categorical clustering.

According to Schuell (1969) associative clustering

refers to the situation in which the stimulus list is
comprised of associatively related words (as determined
from associative norms) which are not members of the
same conceptual category. (p. 354)

An example of this type of clustering would be the consecutive recall of

2&!ll!2s.-, -g, sound (Deese, 1962) which were randomly presented in a
longer list. Categorical clustering or coding refers to the situation in
which “the stimulus Mst ie comprised of words representing two or more
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mutually exclusive conceptual categories” (Schuell, 1969, p. 354). An
example of this type of clustering had been given previously regarding
the recall of animal types.

The concept of coding (Miller, 1956) comes out of information
theory and assumes a hierarchical arrangement of information. Words are
grouped together to form categories, a label is attached and entered into
memory. When thera are enough of these labels (7*2) that are similar they
are given a superordinate label and it also enters memory. It was hypothesized
then that recall of the superordinate label elicits recall of subordinate labels
and subsequently, the individual words. This concept of categorization,aleo
called the “unitization hypothesis”, is adhered to by Mandler (1967), Tulving
(1966), and Earhard (1967).

Both types of clustering have been shown to occur during free recall
(Bousfieldand Puff, 1965); however, they are assumed to occur at different
levels of the task. Deese (1961) and Cofer (1967) maintain that associations
occur during recall and are thus involved in the retrieval process, while
Mandler (1967) and Tulving (1964) maintain that coding occurs during input
directly affecting the storage of the material. Similarly Kendler (1966)
states

Tulvin8 indicates that verbal material IS organized
and therefore recalled; Cofer in his analysis of
clustering, suggests that items are retained and
organized into conceptual categories during free
recall because of their Inter-word association. (p. 199)

In order to arrive at a quantification of the concept of clustering,
Bousfield (1953) set up the ratio of repetition, RR = r/N-1, where N is the
total number of words recalled. The words from a—particular category that
are recalled contiguously in runs of two or more (minus one because the first
item recalled cannot be a repetition) summed over all runs in the list recalled
becomes ~. For example, in the series xxxxyxzyyyxyyzzz, RR = .56. RR = 1.00
only when one run is recalled. The basic assumption of this measure is that
all items are equally available for recall. In a recent review Schuell (1969)
compares and criticizes the major clustering indices and their assumptions
while also providing Intercorrelationsbetween them and their relationship
to the number of words recalled. No recommendationswere offered.

The stimulus materials have ganerally been of two basic types. The
first type consists of an experimenter (1?)defined or structured list of
associated words from a discrete number of superordinate categories. The
$econd type of list is a random assortment of presumably unrelated words,
that is no apparent inter-item associations. The persistence of chunking
on the part of ~ was seen to occur with the organized list in a number of
studies (Matthews, 1954; Dallett, 1964; Tulving and Pearlstone, 1966; Cofer,
Bruce and Reicher, 1966; Gonzales and Cofer, 1959). Tulving (1962) found
the occurrence of chunks or subjective units Q-units) during recall of
apparently unrelated words. That is, where no obvious or efficient structure
exists, ~ will impose his own order upon the list to establish an idiosyn-
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cratic nmwsmonic. TMs effect was also found to be present in Cofer (1965),
llendler(1967) and Mandler and Pearlatone (1966).

Studies directly comparing clustering in categorized and random lists
era rare. Earhard (1967) compared alphabetic organization with a variety of
24 item Mate. The Mets varied in the ratios of words to letters from 24
words, each beginning with a different letter to 12 words for each of two
letters. Mditlonal words per letter were 3, 4, 6 and 8. Her general find-
ing was an inverse relationship between category size and performance. In
other words, the random list had better recall. The reason suggested for this
finding was the cues given to her Ss on the alphabetic structure of the list.

The appearance of the ~-tntitsis not limited to lists of unrelated
words. Subjective organization has been shown to exist in all types of lists.
However, as cofer (1965) points out, the more obvious that E-defined categor-
ies are in a particular list, the less likely idiosyncratic ~-defined clusters
are to appear during recall.

Mandler and Pearlstone (1966) and Mandler (1967) employed the use of
the card-sort technique to investigate clustering. ~’s task was to sort
words, which were typed on cards, into superordinate categories. The sorting
technique was utilized in order that ~ might provide ~ with some Insight
into the optimal strategy used to organize the words.

Mandler and Pearlstone (1966) used two distinct sorting groups in
their experiment. ~s In the first group (free)were permitted to choose the
number of piles, 2 through 7, which they thought best fit the stimuli. @
in the second group (constrained)were required to use only a specified number
of piles for the stimuli each member was “yoked” to a nmmber of the first
group. The free-sort group wee found to be more efficient than the constrained-
sort group in that it took the constrained group twice as many trials to reach
criterion using high frequency words and four times as many trials using low
frequency words then the free-sort group. Criterion was set at two nearly
identical repetitions of the sort.

The explanation given for the difference between the groups is a
“suppression of conceptualization” (Mandler, 1967) on the part of the con-
strained @ causing interference in categorization. That 1s, because the
constrained group was forced to use the number of piles that had been imposed
upon them, they were not free to order the words in the way which seemed best.

The criterion itself may have been a source of interference on per-
formance. Mandler and Pearlstone (1966) report that the free-sort group took
3.5 trials to learn 19.? words out of 52 possible. Similarly, in a series of
experiments Msndler (1967) reporta that ~s in experiment B (second of seven)
took 6.9 trials to learn 23.4 words and Ss in experi-nt D (fourth of seven)
took 6.2 trial, to learn 28.2 words. Both of these studies involved lists of
52 words with a range of Thorndike-Lorge frequencies. It is
a tradeoff exists between ~’s interest to learn the list and
has interest to match the order of the previous sort causing
words to be recalled.

possible that
an increase in
relatively few
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One of Mandler’s (1967) principal findings was a direct relationship
between the number of categories and the number of words recalled. Although
a relationship has been found (Cofer, 1967, 1968; Bousfield and Cohen, 1956)
between these two measures the results are not unequivocal. Dallett (1964)
found a relationship for some list types but not for others. The degree of
this relationshipwas seen to vary as a function of category cueing and list
length. As @ were made aware of the number of categories in the list, the
relationship between the categories and amount recalled increased. When a
list of 24 words was structured in 2, 4, 6, 8 or 12 categories and ~s were
not made aware of the number of categories, performance was found to decrease
as the number of categories increased.

In recognizing the effect of categorizationupon free recall the next
step should be to investigate these effects as related to delayed recall.
Surprisingly, few investigators have looked into the presence and persistence
of clustering in other than immediate recall. Gonzales and Cofer (1966)
found a loss of 15-18% of the items in a list following a five minute delay
period with interpolated activity. M,andler(1967) provides recall data from
.5 weeks to 15 weeks. Forgetting increased rapidly up to about four weeks
then leveled off. The results are inconclusive, however, in that the forgetting
function is made up of recall percentages from different types of lists which
varied in Item frequency and list length. Also these results include only
about 55% of those Ss tested. He reports that “it appears that -mory for
organized material shows a sharp initial decay, but no further loss, even
after three or four months.” (Mandler, 1967, p. 354). Similarly, category
recall and RR was seen to decrease over the time periods reported.—

Perhaps the most systematic investigations into the retention interval
question are Brand (1956) and Brand and Woods (1958). In the second study 60
words are presented to each of two groups. The experimental group receivas
an initial recall plus three delayed recalls at subsequent 1 week intervals.
The control groups receive an initial recall and each group is tested once
subsequently; one group at one week, the next at two weeks and the third at
three weeks. Out of a total possible recall of 60 words the experimental
group recalled 89%, 63%, 60Z and 61% for the immediate, one week, two week

●

and three week inte=als. The control groups recalled 90%, 55%, 39% and 43%
respectively. Cluster scores (RR) for the experimental groups were .38, .28,
.32 end .36 for the respective internals while the control groups shawed .365
.22, .21, .16. The additional recalls allowed more words to be recalled and
more stability in the clustering than did the single recall for the control
groups.

The present experiment will attempt to look more closely at the
retention effects on word recall and clustering. While Mandler (1967) reports
a levellng in recall percentage after about three weeks, Brand end Woods (1956)
find stabillty after the first week but neither of these investigations
examined retention intervals of less than one week to any great extent. Cofer
and his associates (Cofer, 1967; Cofer, et. al., 1966) have found an increase
in clustering with a decrease in word recall for intenals of five minutes.

Implementationof Mandler’s card-sorting technique will be made
through the use of free and constrained sorting groups with the following
variations: a) matching the amount of practice allotted the two groups,

4



performance IS then expected to be poorer on the part of the constrained
group; b) tith the eli&nation of the criterion require=nt and addition
of ● recall following each sort, interference, if any, ●rising from the
criterion requirement is expected to be eliminated.

The experiment will attempt to assess the differential effects of
the categorized and random list recall. The assessment will examine
differential recall during acquisition but more importantly differential
recall at variow delay intervals following acquisition.

Uhila ● number of experiments have examined specific aspects of
clustering, none have provided a comprehensive investigation. The purpose
of the present experiment is to examine the effects of sorting technique,
list type and retention interval on the number of words recalled, degree of
clustering, cluster size and the recall of words of high and low normative
frequencies.

MTXOD

Subjects

Two hundred forty-nine (249) senior psychology students from three
high schools i.nHarford County, Maryland served as &s. The three schools
were located at least tan miles ●part.

Apparatus

Stimulus words were each typed on 3x5 cards. A series of 48 words
made up a deck and decks ware of two types. One type (categorized)was
comprised of six words from each of eight superordinate categories: units
of time, metals, alcoholic beverages, sports, weather phenomena, musical
instruments, types of vehicles, types of birds. The second type (rand~)
was comprised of 48 unrelated words none of which ware chosen from the same
conceptual category.

Half of the words in each of the eight categories of the categorized
list and half of the random list words ware frequent; the other half ware
infrequent. The Battig =d Montague (1969) ravtsion of the no,ymareported
by Cohen, Bousfield and Whitmarsh (1957) was the source of the frequency
norms and category members. To arrive at these norms 442 ~s responded by
providing items that ware Considered to be wmbers of a general or super-
ordi.natecatesory. High frequency words for the random-and categorized lists
ranged from 160 to 438, while the low frequency words ranged from 1 to 6.
The words and corresponding frequencies are shown in Table 1 (appendix).
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Each ~ received two decks containing the same words. The decks plus
a response booklet were enclosed in a manila envelope. Instructions particular
to a ~ were placed on the cover of the envelope.

Procedure

& were tested in groups, the number per group varied depending upon
the size of the particular class. The learning trials took place in the
classrooms in which the ~s took psychology.

& were instructed to learn the words on the cards. They were to do
this by placing the cards--one at a time--into piles corresponding to words
they felt went together. Restrictions were placed upon the sorting procedure
in the following manner. Half of the ~s (constrainedsort group) could only
use four piles while the other half (free sort group) could use from t~ to

!2Q!KPiles dePend@3 uPon their on Preference” ~lf of each of the= &s
in turn received the categorized list, the other half the random list. Each
class was divided equally into the four groups with precautions taken that no
two & having the same list and sorting Instmctions would be seated next to
another.

Three recall tests, two immediate and one delayed were used. The
experimental paradigm consisted of sort-test, sort-test, delay and ~.
~s were given a maximum of five min=es=r each card sort. Following each

.—

sort they numbered the piles and put the numbered piles together into a stack.
Cover cards identifying the decks were put in place and the written recall
test immediately begen. Total time from end of sort to beginning of recall
was less than thirty seconds.

The retention intervals employed were: lhr. ,2 hr.,5hr. ,24hr. ,
end 168 hrs. (1 wk.). Each class contributed to only one of these intervals.
The one week retention group was made up of students from one high school;
the 1 hr., 2hr., 5hr., 24 hr. groups were contributed to equally by the
other two high schools.

All ~s received standard instructions regarding sorting and testing.
Es included in the 1 hr., 2 hr., and 5 hr. groups were told in addition that
they would be participating in an additional experiment. The second experi-
ment would be short but due to time limitations they would have to report
later that sam day to the cafeteria or auditorium (dependingupon the school).
The 24 hr. and 1 wk. groups were not given such instructions and had no idea
they would be seeing ~ again.

Due to absenteeism, failure to comply with instructions, cheating,
and expressed knowledge of the retention trial, 42 & did not complete the
task. Of those remaining there were twenty groups with ten Es per group.
The remaining seven were pooled with their respective groups; ten Es were
then chosen at random.

No S reported being constrained by the time factor. Total time for
instruction; and learning trials was 30 minutes.
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RESULTS -

A series of measures till be described separately. These measures
are as follows: amount recalled, degree of clustering and cluster size.
Mditional findings described concern a tendency toward reminiscence on the
delayed recall, word frequency effects and the number of clusters used during
recall. Each of these measures were subjected to an analysis of variance
with list type, sorting technique and delay interval as between-~s variables
end trials as a within-~ variable, Word frequency was an additional within-~
variable for the amount recalled analysis (Butler, Kamlet and Monty, 1969).

Analyses of variance were run on the first recall test (tl) end the
second recall test (t2) to investigate acquisition effects, while t and the

zdelayed recall test (t3) were used to investigate the overall reten ion effects.

Amount Recalled

Table 2 shows the ~an number of words recalled for all conditions
under invest%8aticm. It is apparent that leamin8 the CatejjOriZed list
enhances recall. Analysla of the data substantiated the significance of the
hi8her recall for the cate80rlzed list 8roup, F(l,180) = lol.22,p<.001 end
F(1,180) = 91.07, p< .001, for both pairs of trials (Tables 9 and 10, appendix).
Similarly, the sorting technique wee found to affect the amount of recall. The
free-sort 8roup recalled more words then the constrained-sort8roup. Analysis
odf the amount recalled by sortin8 technique substantiated the superiority of
the free-sort 8roup, F(l,180) = 17.77, p < .001 and F(l,180) = 18.32,p< .001,
for both pairs of trials (Tablee 9 and 10, ●ppendix). The significant effect
of Trials shown in Table 9 (appendix),F(1,180 = 1660.05,p < .001, reflects
the increased performance due to acquisition from tl to t2. No other
acquisition effects reached the .05 significance level.

From Table 2 it is apparent that the number of words recalled de-
creases from t2 to t3 and the decrement is seen to increase as the interval
increases. The Delay Interval effect was found to be significant indicatin8
that performemce varied Inversely with the Interval, F(l,180) - 8.68,p < .001.
The data underlying the significant Trials x Delay Interval interaction,
F(4,180) - 53.ll,p < .001 (Table 10, appemdlx), ●re shown in Figure 1. It
cat be seen that the slopes of the lines increase directly with increases in
the delay Interval reflectin8 forgetting.

When the delayed recall data (t3) were transferred Into percentages
of t2 recall in order to take into account differential individual performance
on t2, the analysis showed a significant forgettin8 effect, F(l,180) - 51.87,
p< .001. The -an. over the respective delay intervals.were: 95%, 92.6%,
92.2%, 89.5% and 61.6%. The Catefjorized liet 8roup recalled a hi8her per-
centage of the words recalled on tq than the random list ~rouD (89% vs. 83%).
This effect prwed to be
No other effects reached

statistlc;lly slgnlficent, F(l,l~O) ~ 12.6,p < .Ol~
the .05 level of s18nificance.

7



T
.
~
E
 

2 

~
i
 
~
~
 

O
F 

\.l
OR

DS
 

RE
CA

LL
ED

 
FD

R 
t 1

, 
t
2 

A
 .. ~D
 

t
3 

B
1 

V
A

R
L\

 .. B
ti

: 
\ '

A
R

L
\B

L
E

 
TR

L-
\1

. 
1 

n
iA

L
 2

 
TR

L-
\L

 
3 

!'
tf
..
..
~\
 

S
. 

D
. 

~-
\.
.~
 

S
. 

D
. 

~
'
i
 

S
. 

D
. 

L
IS

T
 I

T
P

E
 

R
.
,
\
l
~
l
 

!9
.0

6
 

5
.5

4
 

3
0

.4
9

 
6

.4
3

 
2

5
.5

4
 

3
.5

7
 

C
A

TE
G

O
R

IZ
ED

 
2

6
.9

7
 

5
.7

8
 

3
8

.0
4

 
5

.6
1

 
3

4
.0

1
 

7
.2

9
 

S
O
?.
.T
I~
;G
 

T
t:

C
E

ii
Q

E
 

F
r-

E
E

 
2

4
.5

6
 

7
.1

3
 

3
5

.9
3

 
7

.1
8

 
3

1
.4

9
 

S
.I

S
 

OJ
~;
~)
'T
i\
..
..
-\
L'
\8
 

ll
.4

7
 

6
.3

0
 

3
2

.6
0

 
6

.6
4

 
2

8
.0

6
 

8
.9

3
 

:)
E

!-
.W

 
I
~
"
T
E
R
V
 A

I.
 

1 
h:

:-
. 

2
3

.8
5

 
6

.5
7

 
3

5
.1

0
 

7
.0

2
 

3
3

.4
3

 
7
.
~
3
 

C
Q

 
., 

.. 
2

2
.6

8
 

7
.3

7
 

3
3

.1
0

 
_ 

n
rs

. 
7

.8
9

 
3

1
.0

3
 

s.
o!

o 
5 

::
rs

. 
2

3
.5

8
 

6
.2

8
 

3
4

.8
S

 
6

.1
7

 
3

2
.2

3
 

7
.'

2
6

 
24

 
h

rs
. 

2
2

.2
0

 
7.

fJ
7 

3
4

.3
3

 
7.

55
 

3
0

.9
3

 
8

.5
3

 
1 

"1
.-i

;..
 

2
2

.7
8

 
7.

0Q
 

3
3

.9
3

 
6 

• .
.::3

 
2

1
.2

8
 

7
.4

8
 



~
 

0 ~ 
31 

<
.)

 
w

 
a::

 

u..
. 

0 a::
 

w
 

a
l 

:E
 

:::.:
> z 

U
""

""
 
~
 
~
 

"" 
~
 
~
-
-
-
-
-

~
I
 

h
r

· 
o

-o
 

2 
h

r 
z 

~ 
D

-
C

i
 

5 
h

r 
~
 

20
1 

._
...

...
 

2
4

h
r 

::!
: 
t 

-
! 

w
k 

()
 

I 
I 

12
 

t3
 

R
E

T
E

N
T

IO
N

 
T

R
IA

L
S

 

F
ig

. 
1

. 
M

EA
N

 
h'

U
M

B
ER

 
O

F 
W

O
R

D
S 

R
EC

A
LL

ED
 

O
N

 
t2

 
A

N
D

 
t3

 
A

S 
A

 F
U

N
C

TI
O

N
 

O
F 

D
EI

.A
Y

 
IN

T
E

R
V

A
L

 



In summary, the categorized list and free-sort groups recalled more
words than the random list and constrained-sort groups. Forgetting increased
directly as a function of delay interval with the categorized list group
recalling a higher percentage of the words learned on t2 than the random list
group.

Word Frequency

Becau6e both list types were comprised of equal numbers of high and
low normative frequency words it was possible to examine differences in the
contribution of each to the overall mean recall. Tables 3a and 3b show the
mean frequent and infrequent word recall data for the three trials by variable.
It is apparent from the table that more frequent then infrequent words were
recalled over the three trials. Analysis of the data substantiated the
general superiority of the frequent words, F(l,180) = 437.83, p < .001 and
F(1,180) = 400.38,p < .001, for both sets of trials (Tables 9 and 10,
appendix).

The frequency data for the acquisition trials were analyzed as shown
in Table 9 (appendIx). The analysis revealed a significant interaction of
Trials x Frequency x List Type, F(l,180) = 12.96,p < .001. These data are
summarized in Figure 2. It can be seen that on t~ the categorized list group
recalled proportionately more frequent than infrequent words when compared to
the random list group. The difference disappears on t2.

The analysis of the frequency effects on word recall as shown in
Tables 9 and 10 (appendix)also revealed a significant interaction of Fre-
quency x List Type x Sorting Technique, F(1,180) = 4.52,P < .05 and
F(I,180) = 3.06,p < .05, for both sets of trials. The data underlying this
interaction are presented in Figure 3. Immediately apparent upon Inspection
of the figure is the maintenance of the respective positions of the groups
over the sets of trials indicating the stability with which the frequent and
infrequent words are recalled. No difference was found between the recall of
frequent words for the random list group and infrequent words for the cate-
gorized list group. It is within these two groups that the greatest difference
between recall by the free-sort and constrained-sort groups exist. The
arrangement of the recall scores appears to be evidence of an additional
hierarchy in the coding process.

In a subsequent analysis of variance of Frequency x Delay Interval
no difference was found in the slopes of the forgetting function for frequent
and infrequent words, F(4,195) = 1.67, n.s.

In short then, the results indicate that more frequent than infre-
quent words are recalled. This finding is seen to substantiate Bousfield,
Cohen and WMtmarsh (1958). Higher recall of frequent words was found for
the categorized list group than the random list group for all three trials.
On tl the categorized list group recalled proportionately more frequent words
then the random list group. The difference disappears on t2 and ts. A

possible explanation of this effect might be that the categorized list group
was able to learn the rules of categorizationmore quickly than the random

10
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list group *cause
to concentrate upon the
difference wae found in

Degree of Clustering

DC = c/N, where—

of the built-in structure of the list. This allowed them
frequent worde thereby
the rate of forgetting

enhancing the recall. No
frequent and infrequent words.

~ is the total number of words included in strings
of two or more words from the categories defined by S. ~ is equal to the
total number of words recalled. For example, in the–seriee xxxxyxzyyyxyyzzz,
DC - .75. The traditional clustering measure (RR = r/N-1) hae been modified
~ order to take into account the transition from one category to another,
a weakness pointed out by Schuall (1969). The traditional ~asure reflects
perfect clustering (1.00) only when one category is represented in recall.
The measure used here reflects perfect clustering (1.00)when any number
of categories are represented and all words recalled are in clusters. In
this end subsequent assessments of categorization, the categories are those
defined by S_in the sorting teak.

The ~an ~ scores for the three experimental variables are shuwn
in Table 4. From the table it is seen that clustering increases from tl to
t2 and falle off from t2 to t3, with overall mean ~scores of .77, .83 and
.79 for the three trials. Analysie of the cluster scores revealed a signifi-
cant Trials effect, F(l,180) D 28.83,p < .001 and F(l,180) = 17.45,p < .001
for both sete of trials. This increase and decrease in cluttering reflects
the effects of acquleition and retention. The categorized list group is
eeen to produce more clustering than the random list group, F(l,180) = 124.1,
p< .001 and F(1,180) = 102.l,p < .001 for both sets of trials. Tables 11
end 12 (appendix) e~rize the analysis.

The divergent means and S.D. of the two hour group caused a eignifi-
cent effect of Delay Interval (Tablea 11 end 12, appendix). When theee data
were left out of the analyeis, Delay Interval effecte were no longer present
(Tables 13 and 14, ●ppendix). Although pC_decreased from t2 to t the
decrease cannot be attributed to the increasing delay Intamral. h era are
two poeeible explanations for the decreaee. First, it is possible that the
sorting tack iteelf hae ● poeitive effect upai DC and when the sort is not
present, that ie on t3, ~dccreaees. Second, ~b magnitude of the testing
terms ueed in the analyeis of variance may account for the decrease. The
testing term for the within-~e variables IS one-third the etie of the between-
@ error term thue increasing the eize of the F ratio.

With the removal of the two hour group’e data the mean DC ecores for
the random list group were .68 and .77 while the categorized list group had
meene of .89 and .91 for tl amd t2 respectively. Analysie of these data
showed a significant interaction of Trials x Liet Type, F(1,144) = 7.80$
p< 0.1. The DC scoree for the free-sort groups were .85 and .79 on t and

i!t3 while the constrained-sort group had DC scores of .83 and .82 for t e same
trials. The data analyeis indicated a significant Triale x Sorting Technique
interaction, F(1,144 = 4.ll,p < .05, Tables 13 and 14 (appendix).
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In summary ~ scores ●re not ●ffected by increasing delay intervals;
however, clustering was seen to decrease from t2 to t3. The categorized list
group has a high= score on tl and remains steady while the random list group
starte clustering at a low level and increases rapidly to t2. ~ differences
occurring on tq of .73 and .89 ●re not significant. List Type proved to be
the most impor~ant variable in clustering. The
from t2 to t

2
for the free-sort group while the

remained eta le.

Cluster Size

Cluster size is the ratio of the number
the number of clusters (k) used. The number of

DC scores were seen to decrease
~mstrained-sort group

of clustered words (c) and
clusters could vary between

two end twenty-four. Table 5 shows the mean cluster size for the three
primary variables.

It is apparent that the categorized list group recalled larger
clusters then the random list group. Analysis of the data confixnmd the
significance of the differences in cluster eize by List Type, F(l,180) =
68.18,p< .001 and F(1,180) = 50.61,p< .001. The constrained-sortgroup
was found to recall in larger clusters than the free-sort group, F(l,180) =
12.23,p c .001 and F(l,180) = 12.03,p < .001. The analyses for cluster size
also revealed ● significant interaction of Trials x Sorting Technique,
F(1,180) = 6.7,p <.05 and F(1,180) = 36.57,p < .001, (Tables 1S and 16,
appendix).

Figure 4 shows the data underlying the Trials x Sorting Technique
interaction. The difference in the slope of the lines indicates more
stablllty In the size of the clusters of the free-sort group. The constralned-
sort group used larger clusters during recall than the free-sort group but
recalled less words (Table 2). During tl and t2 the constrained-sort Ss
had been forced to use four categories requiring the same number of words to
be put into fewer categories then the free-sort group. More words were rern-
bered per category but becauee the number of category members exceed S’s
memory capacity, less total words were recalled. The use of more categories
with less words per category on the part of the free-sort &s resulted in
more efficient organization and less of a decrement, .32 vs. .67 words per
cluster, on t3. These findings are again consistent with the coding inter-
pretation. Delay Interval had no effect on cluster size.

Additional Findings

Of particular interest in an investigatim of memorial properties are
the data concerned with the appearance of words on t3 that had not been
previously recalled. These data have relevance to the discussion of Tulving
end Pearlstme (1966) on the acceaaibillty and availability of items in
storage.

Table 6 shows the mean numbar of words recalled on t3 that were not
recalled on t, or t2. From the table it becomes apparent that the categorized
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list group-recalls less additional words than the random list group and the
free-tort group leas than the constrained-sort group. Analyels of the data
supports the significance of these variables, F(l,180) = 19.9,p < .001 for
each main effect variable (Table 17, appendix). Because there was no oppor-
tunity between tz and t3 for Ss to examine the list, it must be aasmed that
the words were learned before t2 but not accessible to retrieval at that time.
No other differences reached the .05 significance level.

Number of Clusters

An examination of the number of clusters (k) used during recall by S
is relevant to the possibility of a limited memory capacity caused by a
limitation of the storage and retrieval processes. The range for the number
of clusters used in the present study was 1 to 12 with means of 5.38, 7.09
and 6.49 for tl, t2 and t3. Analysis of these data revealed this to be a
significant effect, F(1,180) = 159.15,p c .001 and F(1,180) = 19.03,p < .001,
for both sets of trials.

Table 7 shws the ~an number of clusters on tl, t2 end ta for the
three variables being investigated. The data underlying the significant
main effacta indicated that the categorized list group recalled more clueters
than the random list group for both sets of trials, F(1,180) = 32.53,p .001
and F(1,180) = 20.83,p < .001. Similarly, the data underlying the main effect
of Sorting Technique was significant for both sets of trials, F(l,180) = 43.88,
P-=.001 and F(1,180) = 36.17,p < .001. With respect to the significant inter-
●ction of Trials x List Type, F(l,180) = 10.59,p < .001 end F(l,180) =
5.83,p c .05, it can be seen in Figure 5 that the random list group takes
longer to harm the rules for attaching labels in order to form clusters
than the categorized list group. By t2 both groups are using approximately
the same number of clusters but the clusters seem to be less stable for the
random list group as clusters are lost on t3.

The data underlying the significant interaction of List Type x Sorting
Technique, F(1,180) = 4.29,pc .05, for the acquisition trails are summarized
in Figure 6. From the figure it can be seen that the decremmt in the number
of clusters used by the random list frea-sort group and the categorized free-
sort group was greater than the decrement for the respective conetrelned groups.
The number of clusters used during recall was greatar for the categorized
list group, the greatest number of clusters occurring In the free-sort
condition.

The data underlying the effect of Delay Interval, F(4,180) = 4.85,
pc.01, end the interaction of Trials x Delay Interval, F(4,180) = 7.5,p < .001,
are shown in Figure 7. A comparison of t2 end t3 can be made by comparing the
opsn and closed triangles. The number of clusters is seen to vary inversely
with the delay from t2 to t3. The curve closely resembles the forgetting
effects seen in Figure 1; as clusters are lost words are forgotten. The
analyses for the data for the number of clusters is found in Tables 18 and
19 (appendix).
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In summary, the number of clusters was highest for the categorized
list group and free-sort group. Clusters decreased as the delay interval
Increased.

Due to an insufficient amount of appropriate data the relationship
between the number of categories (piles) employed and number of words re-
called could not be assessed. Too few (5) & in the categorized free-sort
group used other than eight categories. Twenty out of fifty used eight
piles for the free-sort random list. The resulting correlations are:

‘1
$

= -.092, rt2 = .05, rt3 = .015; none of these correlations reach
s gnificence.

Although the free-sort group was superior to the constrained-sort
group in amount recalled, a possible confounding of the data has occurred.
Table 8 shows the data for the random list Es. The free-sort group using
4 or 5 piles dtd better than the constrained group on tl recall. The
difference disappears on the subsequent trials.

All but five of the free-sort categorized list group used eight piles
and had higher recalls on the three trials than the constrained-sortcate-
gorized list group. This is equivalent to saying that Es using eight piles
did better than those using four piles giving support to the Mandler (1967)
hypothesis that a linear relationship exists between the number of piles
(categories) and the amount recalled. However, the lack of correlation
between the number of piles and words recalled for the random list complicates
the significance of the support.

DISCUSSION

The major finding of this study was the differential effects of the
Delay Interval upon the variables investigated. The number of words recalled
end the number of clusters used were found to decrease es the delay interval
increased. There were no differential effects upon the degree of clustering,
cluster size, words added during t3 end word frequency.

These results regarding Delay Interval are in partial agreezwmt with
the equivocal results of previous investigations. Brand and Woods (1958)
and Mandler (1967) reported a decrease in clustering (l&) and a decrease in
word recall while Cofer (1967) reports an increase in clustering and a decrease
in recall. In addition, forgetting appeared to be related to the loss of
clusters rather than words within the clusters. This interpretation is in
agreezmnt with Cohen’s (1966) ltsome-or-nonellcharacteristics of coding with
the modification of clusters rather than categories.

Rather unexpectedly,word frequency was not a significant factor
affecting performance. Frequent and infrequent words were forgotten at the
same rate. The categorized list group recalled more frequent and infrequent
words than the random list group. The differences stayed the same over the
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three trials except for tl where the categorized list group recalled propor-
tionately more frequent words than the random list group. The reason for the
difference on tl is that the structure of the categorized list enabled ~ to
concentrate more on learning the words than on the rules of organization.
During recall more frequent words were remembered.

The lack of differential forgetting of frequent and infrequent words
adds additional support to Cohen’s “some or none” hypothesis. If the clusters
were made up of a consistent ratio, i.e. 2:1, of frequent to infrequent words
the loss of clusters over the delay interval would reflect the lack of differ-
ences in the slope of the forgetting curve.

The effect of List Type was the single most important determiner of
performance. This result confirms the previous investigations on the super-
iority of the categorized list learning.

The constrained-sort group recalled words in larger clusters than the
free-sort group but generally the free-sort group exhibited superior perfor-
mance. Sorting Technique did not affect the degree of clustering or forgetting
when the percentage data was used. The direction of the word recall data
supports the finding of Mandler and Pearlstone (1966); however, there is a
large discrepancy in the magnitude of the differences. With en equal number
of triale the free-sort group did not recall twice as many frequent end four
times as many infrequent words as the constrained-sort group.

The experiment provided support for two hierarchical coding systems.
The first is task related while the second is related to the limits of memory.

Analysis of the amount recalled, cluster size, number of clusters and
added words yielded the following hierarchy. The free-sort categorized list
group had the best overall performance. Recall and clustering performance
were about equal for the constrained-sort categorized list group and the
free-sort random list group while the constrained-sortrandom list group was
invariably poorest.

Regardless of the type of list learned ~was able to form superordinate
categories. Within the superordinate categories were clusters of words which
varied in length and were related in some way, i.e. associates or similar
category members. Miller (1956) proposed a structure with limits of 7*2 on
the superordinate categories and subordinate members. Mandler (1967) suggested
that Miller’s estimate was too high and should be revised to 5% on the basis
of the results of his studies. The results of the present experiwmt indicate
that the number of clusters used is within the limits specified by Miller
(1956)while the size of the clusters is more closely aligned to Mandler’s
(1967) estimate.
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Storage and Retrieval

Tulving and Pearlstone (1966) have addressed themselves to the problem
of storage and retrieval. Briefly, items learned are etored in mwaory as
tracem. Tra~ availability is determined by the number or amount present,
similarity, end temporal factors. The ●ccessibility of the traces depends
upon their availability but also and primarily upon facilitory cues; i.e.
associations. These investigators have hypothesized a dual level retrieval
system. The high order system contains superordinate labels and may be
●ssociative or organizational. The lower order system contains associates or
category members.

Tulvtng and Pearlstone (1966) set forth a number of “critical experi-
mental treatments” to demonstrate availability and accessibility; however,
the general Importance of the concept makes it applicable to the present
situation. A type of reminiscence effect was shown in Table 6 by the number
of words that-were recalled on ta and not on tl
appeara that there were two possible sources of

The results of the experiment raise the
of two implicit cue sources. These cue sources
Technique. The categorized list had categories

or tz. From the data it
cueing.

possibility of the existence
were List Type and Sorting
built into it; the random

did not. The free-sort group was free to choose the number of piles, the
constrained-sortgroup could not. The categorized list and free-sort condi-
tion act as positive cue factors.

Depending upon the presence or ●bsence of the positive retrieval cues
additional words ●re recalled. The categorized list free-sort group had both
positive cues and recalled the most t2 and added the least new words. By
contrast the random list constrained-sort - two negative cues - had poorest
recall at t2 and added the most words. The remaining two groups with one
negative cue had about equal ●dditi~al word recall. Due to forgetting
sry load has decreased making previously unavailable words available.
There is no retention Interval effect because with shorter intervals less
words are forgotten and with the longer intervals the old and new words are
forgotten.

The experiment substantiated previous findings of subjective organi-
zation even when the liste are structured (Cofer, 1965; Tulving, 1966;
Mendler, 1967). The nature of the organization has been found to vary along
categorical as well as aesociativa dimensions (Deese, 1959) and therefore
should not be and cannot be separated into distinct types to determine the
causes of recall (Schuell, 1969).

Some procedural differences exist between the present study and the
Mandler and Pearlstone (1966) study. The present study used groups of ~s
while the latter used Individual ~s. This difference mde it impossible for
the preeent study to impose the additional constraint of category composition.
That is, Mandler and Pearletone forced the constrained ~s to put the same
words into the same pilee as the free-eort group had done. This additional
constraint tied to the criterion requirement probably accounted for the
difference in word recall. During the present etudy, using frequent and
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infrequent words, @ recalled 23.0, 34.27 and 29.78 for the three trials
respectively, while the Mandler and Pearlstone & were recalling only 19.65
out of 52 high frequency words after 3.5 and 7.5 trials for the free and
constrained groups respectively.

In subsequent studies Mandler (1967) found a linear relationship
between the number of categories and amount recalled. The present experiment
failed to confirm this finding. A relationship did exist, however, between
the number of clusters and amount recalled. Because the free-sort categor-
ized group almost entirely used eight categories during the sort, the only
data source for the categories and amount recalled relationshipwas the
free-sort random list group. This group was also used for the comparison
of the number of clusters to amount recalled. For the three trials the
correlations were: ‘t1 = .78, rt2 = .56 and rt3 = .79.

Although the emphasis in this study is upon the clusters to recall
relationship while Mandler (1967) emphasized the categories to recall
relations, the direct relationship between organization and recall has been
substantiated (Bousfieldand Cohen, 1956; Msndler, 1967; Dallett, 1964).
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. TABLE 1

CATEGORIZEI)WORD LIST ANI)WORD FREQUENCY

1. A Unit of Time 5. A Weather Phenomenon

hour (433) hurricane (318)
minute (430) tornado (303)
second (426) rain (297)
moment (4) arid (1)
infinity (5) zephyr (1)
epoch (1) humid (1)

2. A Metal 6. A Musical Instrument

iron (353)
copper

piano (329)
(309) drum (322)

steel (281) trumpet (279)
gallium (1) kazoo (1)
antimony (2) lyre (1)
palladium (2) zither (4)

3. An Alcoholic Beverage 7. A Type of Vehicle

beer (304) car (407)
whiskey (323) bus (300)
gin (308) airplane (280)
gimlet (1) sleigh (1)
chianti (3) ferry (1)
cognac (9) stagecoach (1)

4. A Sport 8. A Type of Bird

football (396) robin (377)
baaeball (376) sparrow (237)
basketball (360) cardinal (208)
billiards (1) roadrunner (1)
curling (1) egret (5)
skating (4) sandpiper (1)
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TABLE 1 (cent)

RANDOM WORD LIST ANT)WORD FREQUEI?CY

diamond
yeoman
armoire
hour
badger
legs
aunt
alpaca
guava
mlle
auburn
gun
antimony
pitcher
president
magazine
mission
apartment
gimlet
salt
clay
Andorra
Chicago
waders

(435)
(1)
(1)
(433)

-(1)
(402)
(432)
(2)
(1)
(438)
(2)
(394)
(2)
(1)
(434)
(375)
(4)
(316)
(1)
(412)
(6)
(1)
(270)
(1)

naptha
portico
fornication
butler
oxygen
hammer
mountain
piano
shirt
football
dollar
Hurricane
jazz
stagecoach
Kristy
balsa
ichthyolo~y
rose
Harvard
tarantella
cancer
expletive
yams
sailboat

(2)
(1)
(2)
(1)
(294)
(431)
(401)
(329)
(352)
(396)
(331)
(318)
(341)
(1)
(1)
(4)
(1)
(421)
(160)
(1)
(316)
(3)
(1)
(177)
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TABLE 9

ANALYSIS OF VARIANCE OF AMOUNT RECALLED DURING ACQUISITION
AS A FUNCTION OF LIST TYPE, SORTING TECHNIQUE, DELAY

INTERVAL, TRIALS AND WORD FREQUENCY

SOURCE DF MS F P

BETWEEN % VARIABLES
SUBJECTS-
LIST (R VS C)
SORT (F VS C)
LIST X SORTING
DELAY
LIST X DELAY
SORTING X DELAY
LIST X SORTING X DELAY
ERROR

WITHIN SS VARIABLES
TRIALS
TRIALS X LIST
TRIALS X SORT
TRIALS X LIST X SORTING
TRIALS X DELAY
TRIALS X LIST X DELAY
TRIALS X SORT X DELAY
TRIALS X LIST X SORT X DELAY
ERROR

FREQUENCY (FREQ)
FREQ X LIST
FREQ X SORT
FREQ X LIST X SORT
FREQ X DELAY
FREQ X LIST X DELAY
FREQ X SORT X DELAY
FREQ X LIST X SORT X DELAY
ERROR

TRIALS X FREQ
TRIALS x FREQ X LIST
TRIALS X FREQ X SORT
TRIALS X FREQ X LIST X SORT
TRIALS X FREQ X DELAY
TRIALS X FREQ X LIST X DELAY
TRIALS X FREQ X SORT X DELAY

199
1
1
1
4
4
4
4

180

1
1
1
1
4
4
4
4

180

1
1
1
1
4
4
4
4

180

1
1
1
1
4
4
4

TRIALS X FREQ X LIST X SORT X DELAY4
ERROR 180

2933.8
515.2
7.2

21.7
9.9
5.0
26.6
29.0

6193.8
1.0
.8

3.9
7.3
2.4
4.7
2.9
3.7

4278.1
92.5
6.1
44.2
3.9
21.9
1.9
9.8
9.8

.0
52.0

.8

.2
3.3
3.8
4.9
4.4
4.0

101.215 .001
17.775 .0001

.249

.748

.342

.172

.918

1660.054 .0001
.263
.226

1.051
1.949
.639

1.268
.788

437.834 .0001
9.469 .001

.627
4.521 ● 05
.403

2.237
.193
.999

.011

12.955 .001
.210
.045
.834
.937

1.224
1.090
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TABLE 10

ANALYSIS OF VARIANCE OF AMOUNT RECALLED DURING RETENTION
AS A FUNCTION OF LIST TYPE, SORTING TECHNIQUE,

DELAY INTERVAL, TRIALS AND WORD FREQUENCY

SOURCE DF MS F P

BETWEEN Ss VARIABLES
SUBJECTS- 199
LIST (R VS C) 1
SORT (F VS C) ““ ‘“” 1
LIST X SORTING
DELAY
LIST X DELAY
SORTING X DELAY
LIST X SORTING X DELAY
ERROR

WITHIN SS VARIABLES
TRIALS
TRIALS X LIST
TRIALS x SORT
TRIALS X LIST X SORTING
TRIALS X DEIJ!Y
TRIALS X LIST X DELAY
TRIALS X SORT X DELAY
TRIALS X LIST X SORT X DELAY
ERROR

FREQUENCY (FREQ)
FREQ X LIST
FREQ X SORT
FREQ X LIST X SORT
FREQ X DELAY
FREQ X LIST X DELAY
FREQ x SORT X DELAY
FREQ x LIST X SORT X DELAY
ERROR

TRIALS X FREQ
TRIALS X FREQ X LIST
TRIALS X FREQ X SORT
TRIALS X FREQ X LIST X SORT
TRIALS x FREQ X DELAY
TRIALS X FREQ X LIST X DELAY
TRIALS X FREQ X SORT X DELAY

1

4
4
4
4

180

1
1
1
1
4
4
4
4

180

1
1
1
1
4
4
4
4

180

1
1
1
1
4
4
4

TRIALS x FmQ X LIST X SORT X DELAY 4
ERROR 180

3053.7
“6’14.3

0.6
291.0
11.6
9.9

29.2
33.5

846.7
4.4
1.4
2.1

236.5
2.9
3.3
1.4
4.5

4338.5
9.9
9.9
33.2
10.1
42.8
10.0
27.0
10.8

0.5
0.6
0.1
0.2
11.2
5.3
2.1
3.6
3.6

91.067
18.318
0.016
8.679
(-).345
0.294
0.870

190.124
0.977
0.306
0.472
53.106
0.647
0.737
0.314

400.376
0.914
0.914
3.065
0.930
3 ● 947
0.922
2.491

0.127
0.155
0.017
0.059
3.138
1.486
0.602
1.006

.0001

.001

.01

.0001

.0001

.0001

.05

.01

.01

40



.

.000
.

c
n

l-.
.*

*
*
*
o

m
m

H
“

z~nx
.

O
F
0
0.

.

.
...****

om

xvm
.

Hx
x
x
x

X
x
x
x
t
c
x
x

41



N.wa3H

.co
::

c
.

.
.

u-l
u

-lo
c

e
h
a

c
“?

.
.

.
.

.
.

.
.

x
.

.



.

ar+t+

In
o
m

o
lr)l%

u
)c

n
.

.
.

.
.

.
,.

W
o

u
)r-iw

d
n

w
uN

.
.

.
.

.
.

.
.

U
#
-
r
+
o
r
+
o
o
”
+
”

Q
m
w
e
.
l
w
u
u
a
c
n

.
.

.
.

.
.

.
U
h
a
c
d
o
o
d
”
o
”

N

x
x
x

4
3

-.



u.wdm~

.000
.m
m
k
u
2
c
o
m
o

C
h
m
h
.

o
u
ln

I
n
c
.

N
m

c
’l@

.
.

.
.

.
.

.
:
C
m
.
.
o
o

m
.
o
l
n
+
o
m
m

.
.

.
.

.
.

.
.

e
J
c
c
n
m
m
-
.

N

‘
R

~
..-m

m
m

m
u

u.

.x

O
m
0
0.

.

.
.

.
.
m
m
m

m
u
u.

x
x
x



d0
4
0
0.
.

m
r
-
l
d
d
u
u
u
u
o

m1
+

U
3

d

x

x

x
x
x

x
x

x
x

x
x

x
m



m
..+

~
o

m
.m

N
rJ

f-c
o

m
a
o
a
l
-
m
m
u

.
.

.
.

.
.

.
O
m
c
.

r
-
c
o

m
.

x
.

m
m
m
.

o
u
)

m
F

b
.

.
.

.
.

.
.

.
.

a
O
N

c
-

c
o

-
c

m

x
.

.

x
x
x

x
x

x
x
x

x
x

m



F
-

0
0
0
0.

.

C
+

57
O

H
2
A

m
N
.
m
u
l
r
)
m
~

.
.

.
.

.
.

.
.

C
f
)
m
m
u
.
.
m

*
U

m
...uvueo

m
c
o

.

H
“

~;nx

H
“

~
nu

x

x
xwE

HmHd

Hc
c
l

3

4
7



.
.

O
c

O
c
m

O
o
c

oo
-
m

0
0
0

.
.

.
.

.
.

.
.

.
.

.
.

.
.

m
c

u
o
J

--
.

.
.

.
.

m
rl.Y

l-r4
(-0

<

.
.

a
m
a
m
a
m
m
d
m

.
.

.
.

.
.

.
.

.

m.

x
.

.

x
.

E
C
uc
d

H

zuc
d

H
x
x
x

nv

xr.d

E
HmHJ

4
8



x3H

xHmH+
?

x

m
X

xxxxxx



CC,USAMC,Wash,D.C.
AMCRL (OftofDepforMs) 1

AMCRD (Air Def & Msl Oft) 1

AMCRD (Air Mobility Oft) 1

AMCRD (Comm -Elec Oft) 1
AMCRD-G 1
AMCRD (Weapons Ofc ) 1
AMCRD (Dr. Kaufman) 1
AMCRD (Mr. Crellin) 1

Ofc of Chief of Staff, DA, Wash, D. C.
CSAVCS -W -’ITS 1

USA Behavioral Science Rsch Lib.
hlington, Va. 1

Dr. J. E. Uhfaner, Dir.
USA Behavioral Science Rsch IA.
Arlington, Va. 1

Behavioral Sciences Division
Ofc, Chief of Rsch & Development, DA
Washington, D. C.

Deputy Chief of Staff for Personnel
Dept of Army, Wash, D. C.

Personnel Rsch Div.

CG, USACDC, Fort Belvoir, Va.
CDCCD-C
CDCMR
CDCRE

CO, USACDC Air Defense Agency
Fort Bliss, Texas

CO, USACDC Armor Agency
Fort KnOX, Ky.

CO, USACDC Artillery Agency
Fort Sill, Okfa.

CO, USACDC Aviation Agency
Fort Rucker, Alabama

CO, USACDC CBR Agency
Fort McClellan, Alabama

CG, USACDC Combat Arms Group
Fort Leavenworth, Kansas

CG, USACDC Combat Svc Spt Gp.
Fort Lee, Va.

CO, USACDC Comm -Elec Agency
Fort Monmouth, N. J.

CO, USACDC Engineer Agency
Fort Belvoir, Va.

1

1

1
1
1

1

1

1

1

1

1

1

1

1

CO, USACDC Inst of Strat & Stab Opns

Fort Bragg, N. C. 1

DISTRIBUTION LIST

CO, USACDC Med SVC Agency
Fort Sam Houston, Texas 1

CO, USACDC Military Police Agency
Fort Gordon, Georgia 1

CO, USACDC Supply Agency
Fort Lee, Va. 1

USACDC Experimentation Command
Fort Oral, Calif.

Tech Library, Box 22 1

Human Factors Division
G-2/3, USACDCEC
Fort Oral, Calif. 1

CO, USA Environ Hygiene Agency
Edgewood Arsenal, Md.

Librarian, Bldg 2400 2

Human Factors Br, Med Rsch Lab
Rsch f.ilhi,Edgewood Al%, Md, 1

CO, USA Edgewood Arsenal
Psychology Branch 1

CO, Frankfort ArsenaL Phifa, Pa,
SMUFA -N/6400/202 -4 (HF)
Library (C2500, B1 51 -2)

CO, Picatinny Arsenal, Dover, N.
SMUPA-VC 1 (Dr. Strauss)

CG, USA E Iectronics Command
Fort Monmouth, N. J.

AMSEL-RD -GDA

1
1

J.
1

1

Dir, Military Psychol & Leadership
US Mil Academy, West Point, NY 1

CO, Watervliet fisenal, N. Y.
SWEWV -RDT 1

CO, USA Med Equip Rsch & Dev Lab
Fort Totten, Flushing, LI, NY 1

CO, USA Rsch Inst of Envir Med
Natick, Mass.

MEDRI-CL (Dr. Dusek) 1

CG, USA Medical R&D Command
Main Navy Bldg, Wash, D.C.

Behavioral Sciences Rsch Br 1

Dir, Walter Reed Army Inst Rsch
Washington, D. C.

Neuropsychiatry Div. 1

CO, Harry Diamond Laboratories

Washington, D. C.
AMXDOEDC (B. I. Green) 1

CO, USA Mobility Equip R&D Ctr
Fort Belvoir, Va.

Human Factors Engr.

USAETL-TEB
Fort Belvoir, Va.

T. L. Fick

U. S. Army Natick Laboratories
Natick, Mass.

AMSRE-STL
Tech Library 1

Commandant, Army Logistics
Mgmt Ctr, Fort Lee, Va.

E. F. Neff, Proc Div. 1

USA Gen Equip Test Activity
Methods Engr Dir, Hum Fact Div
Fort Lee, Va. 1

CC, US CONARC
Fort Monroe, Va. 1

ATIT -RD -RD 1

CO, USA Rsch WC, BOX CM
Duke Station, Durham, N. C. 1

Dir Rsch, USA Avn HRU
PO Box 428, Fort Rucker, Ala.

Librarian 1

CG, USA Missile Command
Redstone Arsenal, Ala.

AMSMI -RBLD 1
AMSMI-RSB (Chaikin) 1

President, USA Infantry Board
Fort Benning, Georgia 1

President, USA Maintename Board
Fort hX, Ky.

Adjutant 1

USA Armor, Human Rsch Unit
Fort Knox, Ky.

Library 1

CO, USA Med Rsch Lab
Fort KtlOX, Ky. 1

CG, USA Weapons Command
Rock Island, 111.

AMSWE -RDT 1
AMSWE -SMM -P 1
SWERI-RDD-PD 2

CG, USA Tank-Automotive Command
Warren, Michigan

SMOTA-RR 1
AMSTA-BSL 2

AMSTA -BAE 1



Director of Research
Hum RRO Div. No. 5 (Air Defense)
PO Box 6021, Fort Bliss, ‘1’exas

Commandant, USA Artillery &
Missile School, Fort Sill, Okla.

USAAMS Tech Library .

CG, White Sands Msl Range, NM
Technical Library
STEWS -TE -Q (Mr. Courtney)

CG, USA Elec Proving Ground
Fort Huachuca, Ariz.

Mr. Abraham, Test Dir.

CO, ~ SA Garrison
Fort Huachuca, Ariz.

Technical Library

CO, Yuma Proving Ground
Yuma, Ariz.

Technical Library

CO, USA Tropic Test Center
PO Drwr 942, Fort Clayton, CZ

Behavioral Scientist

CO, USA Arctic Test Center
AFO Seattle, Wash.

STEAC -IT

USA Materiel Command Board
Bldg 3072, APG

USA Test & Eval Command
Bldg 3071, APO

USACDC Liaison Office
Bldg 3071, APG

CO, USACDC Maint Agency
Bldg 305, APG

Tech Libr, Bldg 3002, APG

USA Small Arms Sys Agcy, APG

Dir, Naval Research Laboratory
Washington, D. C.

Code 5120
Code 5143A

Code 45~ Ofc of Naval Research
Washington, D. C.

Engr Psychol Br (Dr. Farr)

Dr. Morgan Upton
Aerospace Med Rsch Dew
US Naval Air Dev Ctr
]ohnsvillc, Pa.

1

1

1
1

1

1

1

2

1

1

1

1

1

1

1

1
1

2
1

1

USN Submarine Med Ctr, Libr
Box 600, USN Sub Base
Groton, Corm. 1

CO & Dir, Naval Training Dev Ctr.
Orlando, Fla.

Technical Library 1

US Navy Electronics IAoratory
San Diego, Calif.

Ch, Human Factors Div. 1

US Marine Liaison Oft, BIdg 3071 1

RADC (EMEDI)
Griffiss AFB, N. Y. 1

Hq, ESD (ESTI)
L. G. Hanscom Field
Bedford, Mass. 1

Wright -Patterson AFB, Ohio
6570 AMR L (MRHE) 2
6570 AMRL (MRHER/Bates) 1
6570 AMRL (MRHE/Warrick) 1
Air Force Flight Dynam Lab 1

AMD (AMRH) Brooks AFB, Tex. 1

CiviI Aeromedical Institute
Fed Avn Agency Aero Center
PO BOX25082, Okla City, OkLa.

Psychol Br, AC -118 1

The Franklin Inst Research Labs.
Phila, Pa.

Tech Reports Library i

Inst for Defense tilyses
Arlington, Va.

Dr. J. Orlansky 1

Serials Unit, Purdue University
Lafayette, Ind. 1

Dr. Martin A. Tolcott

1

Dept Psychol, Univ of Maryfand
College Park, Md. 1

Mr. R. K. Brome, Govt Pub Section
JFK Memorial Library
Calif State College/Los Angeles
Los Angeles, Calif. 1

Dr. R. G. Pearson, Dept of Ind Eng
North Carolina State Univ.
Raleigh, N. C. 1

Dr. F. Loren Smith
Dept Psychol, Univ Delaware
Newark, Del. 2

Dr. H. W. Stoudt
Harvard Univ., Boston, Mass. 1

Dr. Leonard Uhr
Computer Sci Dept, Univ Wisconsin
Madison, Wise. 1

USPO Dept, Bur Rsch & Engr, HF Br. Dr. R. A. Wunderlich
Washington, D. C.

Mr. D. Comog 1

US Dept Commerce, CFSTI
Sills Bldg. Springfield, Va. 2

Defense Documentation Center
Cameron Station, Alexander, Va. 20

Library, George Washington UniV.
Hum RRO, Alexandria, Va. 1

Amer Inst for Research
8555 16th St., Silver Spring, Md.

Library 1

Amer Inst for Research
135 North Bellefield, Pgh., Pa,

Library 1

Amer Inst for Research
PO Box 1113, Palo Alto, Calff.

Library 1

Ctr for Research in Social Systems
The American University
Washington, D. C. 1

Psychol Dept, Catholic Univ.
Washington, D. C. 1

Psychological Abstracts
1200 17th Street, NW
Washington, D. C. 1

AC Electronics Div, GMC
Milwaulwe, Wise.

J. S. Inserra, HF 1
Tech Library, Dept 32-55 2A 1

Libr, Chrysler Def Engr, Detroit 1

Grumman Aircraft Engr Corp.
Bethpage, LI, NY

L. Bricker, Life Sci, Plant 5 1

Hughes Aircraft Co, Culver City, Calif.
Co. Tech. Dec. Ctr. E/110 1

[tek Corp, Lexington, Mass. 1

Mgr, Behavioral Sciences, Litton Sci S@
IA, Fort Oral, Calif. 1



U. S. Army Natick Laboratories
Natick, Mass.

AMXRE -PRB
AMNU?, -PRBN
AMXRE -PRBE

USA Bd for Avn Accident Rsch Lab
Fort Rucker, Ala

Gail Bsnkston, Bldg 5504

Federal Aviation Administration
800 Independence Ave, S. W.
Washington, D. C.

Admin Stds Div (MS- 110)

Dr. Lauritz S. Larsen
Automobile Manufacturers Assoc.
320 New Center Building
Detroit, Mich.

Dr. Irwin Pollack
University of Michigan
Ann ArImr, Mich.

Dr. Harvey A. Taub
Rsch Sec, Psycholo~ Service
VA Hospital, ‘Irving-Ave
Syracuse, New York

Documents Librarian
Wilson Library
University of Minnesota
Minneapolis, Minn.

&UnivP1

Research Analysis Corporation
McLean, Va.

I%cument Library

, Ritchie, Inc.
Dayton, Ohio

Director, Human Factors Engr
Mil Veh Org. GMC Tech Center
Warren, Mich.

Sprint Human Factors MP 537
Martin Co., Orlando, Florida

Dr. Herbert J. Bauer
GM Rsch Labs, GM Tech Center
Warren, Mich.

Dr. Edwin Cohen

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Link Group, Gen Precision Sys Inc.
Binghamton, New York 1

Mr. Henry E. Guttmann
Sandia Corporation
Albuquerque, New Mexico 1

Dr. M. I. Kurke
Human Sciences Rsch Inc.
McLean, Virginia 1

Mr. James Moreland
Westinghouse Elec Corp, R&D Ctr
Churchill Boro
Pittslntrgh, Pa. 1

Mr. F. M. McIntyre, HF Engr
Cleveland Army Tank -Auto Plant
Cleveland, Ohio 1

Mr. Robert F. Roser, HF Sys Engr
General Dynamics Pomona
BOX 2507

Pomona, Calif.

Dr. S. Seidenstein, Org 55-60
Bldg 151, Lockheed, P.O. Box 504
Sunnyvale, Calif.

Mr. Wesley E. Woodson
MAN Factors, Inc.
San Diego, Calif.

Dr. Martin A. ToIcott

Serendipity, Inc.
Arlhgton, Virginia

Dr. Charles Abrams
Human Factors Research
Goleta, Calif.

Mr. Warden B. Welch
Code 605D
Naval Undersea R&D Center
San Diego, Calif.

Dr. CorwbI A. Bennett
Rensselaer Polytechnic Institute
Troy, New York

The University of Wyoming
Laramie, Wyoming

Documents Library

Dr. Lawrence C. Perlmuter
Bowdrdn College
Brunswick, Maine

Dr. Alexis M. Anikeeff

‘l%e University of Akron
Akron, Ohio

CC, USMCOM
P.O . BOX 209
St. Louis, Missouri

AMSAV-R-F (S. Moreland)

Dr. Arthur Rukdn
U. S. Dew of Commerce
National Bureau of Standards
Washington, D. C.

me Boeing Co., Vemol Div.
Philadelphia, Pa

Mr. Walter Jablonski

1

1

1

1

1

1

1

1

1

1

1

1

1

Mr. Gerald J. Fox
Grummsm Aerospace Corp.
Bethpage, New York

Biotechnology, Inc.
Falls Church, Virginia

Librarian

Prof. Richard C. Dubes
Michigan State University
East Lansing, Mich.

Dr. Bill R. Brown
University of Louisville
Louisville, Kentucky

Prof. James K. Arima
Depc of Operations Analysis
Naval Postgraduate School
Monterey, Calif.

COL Roy A. Highsmith, MC
Hq, USATECOM, APG

AMSTE -SS

1

1

1

1

1

1


